Background-This study used serial volumetric intravascular ultrasound (IVUS) to evaluate the effect of preinterventional arterial remodeling on in-stent intimal hyperplasia (IH) after implantation of non-polymer-encapsulated paclitaxelcoated stents. Methods and Results-Patients were randomized to placebo or one of two doses of paclitaxel (low dose, 1.28 g/mm 2 ; high dose, 3.10 g/mm 2 ). Complete preinterventional, post-stent implantation, and follow-up IVUS were available in 18 low-dose and 21 high-dose patients. IH volumes were similar in low-dose and high-dose patients: 17.6Ϯ15.1 mm
T he major limitation of coronary stenting is in-stent restenosis secondary to intimal hyperplasia (IH). 1 Previous studies have shown that preinterventional arterial remodeling-as assessed by intravascular ultrasound (IVUS)-predicts both IH (also as assessed by IVUS) and clinical restenosis. 2, 3 Non-polymer-encapsulated paclitaxel-coated stents reduce IH accumulation and angiographic restenosis. 4, 5 The aim of the present study was to use serial volumetric IVUS analysis to determine the relationship between IH and preinterventional arterial remodeling after implantation of paclitaxel-coated stents.
Methods
ASPECT (ASian Paclitaxel-Eluting Stent Clinical Trial) was a three-center, triple-blind, randomized, placebo-controlled trial of paclitaxel-coated stents to reduce in-stent restenosis. 4 There was a single-center IVUS substudy of ASPECT (Asan Medical Center). 5 All patients gave their written, informed consent. This study was approved by Asan Medical Center Institutional Review Board.
Ninety-eight patients were enrolled in the IVUS substudy. Complete preinterventional, post-stent implantation, and 6-month follow-up IVUS data were available in 18 of 32 low-dose and 21 of 33 high-dose patients, excluding those in whom the proximal reference (nϭ2) or distal reference (nϭ4) could not be assessed. Preinterventional IVUS imaging was not specified in the protocol; therefore, this represents a post hoc analysis of patients in whom preinterventional IVUS was performed and complete preinterventional IVUS analysis was possible. Because, in the overall IVUS cohort, follow-up IH volume was similar in low-dose and high-dose patients, 5 all patients treated with paclitaxel-coated stents were combined for the present analysis.
Stents were placed after predilation. Glycoprotein IIb/IIIa inhibitors were not used. Quantitative angiography was performed using the guiding catheter for magnification calibration and an online analysis system (ANCOR V2.0, Siemens).
IVUS Imaging and Analysis
IVUS imaging was performed after intracoronary administration of 0.2 mg nitroglycerin using a motorized transducer pullback system (0.5 mm/s) and commercial scanner (SCIMED) consisting of a 30-MHz transducer within a 3.2F imaging sheath.
Quantitative volumetric IVUS analysis was performed using computerized planimetry (Indec Systems) by an independent core laboratory (Washington Hospital Center, Washington, DC) according to published standards. 6 Preinterventional lesion and proximal and distal reference segment external elastic membrane (EEM), lumen, and plaque and media (P&MϭEEMϪlumen) cross-sectional areas (CSAs) and plaque burden (P&M/EEM) were measured. The lesion was the site with the smallest lumen CSA; if there were multiple image slices with the same minimum lumen CSA, then the slice with the largest EEM and P&M was measured. The proximal and distal reference segments were the least-diseased image slices (largest lumen with least plaque) proximal and distal to the lesion, but within the same segment and before any major side branch. Preinterventional remodeling was assessed by comparing the lesion site EEM to the proximal and distal reference EEM CSA: positive remodeling (lesionϾproximal reference), intermediate remodeling (distal referenceϽlesionϽproximal reference), and negative remodeling (lesionϽdistal reference).
Postinterventional and follow-up stent, lumen, and IH (stent minus lumen) areas were measured every 1 mm within the stented segment. Volumes were calculated using Simpson's rule.
Statistical Analysis
Statistical analysis was performed with StatView 4.5 (SAS Institute). Data are presented as meanϮ1SD or frequencies and compared using factorial ANOVA with post hoc comparisons using the Bonferroni correction for student's t test or 2 statistics.
Results
The numbers of patients treated with high-dose versus lowdose stents were similar in all three groups, and there were no differences in patient, lesion, or procedural variables ( Table  1) . As in the previous IVUS report from ASPECT, IH volumes were similar in low-dose and high-dose patients: 17.6Ϯ15.1 mm 3 in low-dose patients and 13.1Ϯ13.3 mm 3 in high-dose patients (Pϭ0.3) with %IH (IH volume/stent volume) measuring 13Ϯ13 in low-dose and 19Ϯ20 in high-dose patients (Pϭ0.3).
Preinterventional IVUS measurements are shown in Table  2 . In keeping with the remodeling classification, lesion segment EEM and P&M CSA were largest in positive remodeling lesions and smallest in negative remodeling lesions. Distal reference EEM measurements were larger in positive remodeling lesions compared with intermediate and negative remodeling lesions (Pϭ0.0104 and Pϭ0.0481, respectively), but otherwise, reference segment measurements were similar among the three groups.
Postinterventional and follow-up IVUS measurements are shown in Table 2 . Baseline stent volumes and minimum stent CSA were similar among the three groups. During the follow-up period, there was a decrease in lumen volume in the positive remodeling lesions (from 106Ϯ30 to 90Ϯ27 mm 3 Figure  shows the comparison of the distribution of IH over the length of the stent according to the baseline pattern of arterial remodeling. Multivariate linear regression analysis determined that remodeling and inflation pressure were independent predictors of IH volume; variables tested in the model included diabetes, acute coronary syndromes, inflation pressure, dose, remodeling, and preinterventional plaque burden.
Discussion
The present IVUS study demonstrated that, as in bare metal stents, IH accumulation after implanting non-polymerencapsulated paclitaxel-coated stents is related to the baseline remodeling characteristics of the lesion.
Pathological studies have suggested that in the early stage of atherosclerosis, human coronary arteries enlarge (positive remodeling) in parallel with the formation of atherosclerotic plaque and that the lumen area is preserved until progressive plaque accumulation exceeds compensatory mechanisms. 7 IVUS studies have confirmed the presence of positive remodeling, especially in acute coronary syndromes. 8 However, these IVUS studies have also shown that negative remodeling (shrinkage of EEM CSA at the lesion site) is observed in 15% to 34% of stenotic lesions and, along with the plaque accumulation, contributes to luminal narrowing. 9, 10 Studies correlating IVUS and clinical findings have suggested that positive remodeling lesions may be more biologically active and negative remodeling lesions more inert.
Nishioka et al 10 first proposed the classification of remodeling used in the present study. Using this classification, Endo et al 2 showed that preinterventional remodeling influenced IH in 113 selected patients treated with a single stent. In this 
Limitations
Complete (pre-and postinterventional and follow-up) IVUS analysis was available in only a subset of patients in ASPECT. The control group of ASPECT with complete IVUS (nϭ16) was too small for meaningful analysis in the present study. Although there was no difference between IH in the low-versus high-dose patients (which was why the two groups were combined), the small number of patients in each group might have masked any differences between low-and high-dose patients. As noted, the present findings will likely not apply to other, more "powerful," drug-eluting stents. This was a retrospective analysis.
Conclusions
Preinterventional arterial remodeling, especially negative remodeling, influences neointimal hyperplasia suppression after implantation of non-polymer-encapsulated paclitaxelcoated stents.
